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Physics: Standing-Wave Simulation Activity
Objectives:

e To observe and describe interference when a wave is reflected back along the rope.

e To create a standing wave.
1. Open http://phet.colorado.edu/simulations/stringwave/stringWave.swf
2. Change the option from manual to pulse. Play with the simulation for a few minutes. You will introduce more than one wave
into the string by pressing “pulse”. Which variables change the shape of the wave?

. Now hit the “reset” button. Make the following changes.
Keep the option at pulse.
Change the end of the rope to fixed end.
Set the damping to zero.
Set the tension to high.
4. How does the pulse width affect the shape of the wave?
5. Send one wave down the string. Describe the wave that is reflected back from the fixed end.
6. Hitreset. Send two waves down the string. Pause the waves when they interfere completely. Describe the wave that results
and the type of interference that occurs.
7. Change the end of the rope to “loose end” and send one wave down the string. Describe the wave that is reflected back from
the loose end.
8. Hitreset. Send two waves down the string. Pause the waves when they interfere completely. Describe the two waves that can
result and the type of interference that occurs.
9. Read about standing waves on page 223-224. Define the following..
a. standing wave
b. node
c. antinode
10. Can you create a standing wave on the simulation program? Hint: Change the end of the rope to “fixed end”. Explain what
you did below and show your instructor the standing wave you created.
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Name Student ID Section

This activity is based on materials found in the Tutorials in Introductory Physics.

Introduction
In this activity, you will learn about different types of waves. As you work though the activity, think about
how the word “wave” can be applied to these different phenomena.

I. Waves on a String y
The figure on the right shows a wave on a
string propagating to the right. There is a dot
painted on the string at point 1. The right end /\
X

of the string (indicated by the dotted lines) [

1
extends off of the page to the right. v’ \/ >

A hand steadily wiggles the left end of the string up and down. The figure below shows snapshots of the
wave on the string at three instants in time (t;, tp, t3) as the wave travels to the right. The dot painted on the
string is indicated at point 1. The pictures below show two possible physical situations. Three students argue
about which picture is physically correct.

Student A: “The bottom picture is correct,
because the wave is traveling to the right.
Since the wave and the string look exactly
the same, the dot must move with the
wave to the right.”

Student B: “The top picture is correct,
because the wave is a disturbance of the
string, not the string itself. As the wave
travels to the right, the string moves up
and down. Therefore, the dot moves up
and down with the string.”

Iy
Student C: “Neither picture is correct. The b / \ / \ /
string’s position is at y=0 at point 1, which © ' / /

means the dot just sits there.”

Which student do you agree with? Explain.
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II. Sound Waves

A. Shown below are two representations of a sound wave. Representation 1 uses a sine wave to represent the
sound at one instant in time. Representation 2 shows the arrangement of air particles at this instant in
time. Note that Representation 2 only shows a section of the air particles — you should imagine that there
are more air particles beyond the edges of this picture.

. . . y Representation 1
On the diagram, draw the wave in representation

1 on top of the wave in representation 2.

\

What do the peaks and troughs in representation
1 tell you about the density of the air particles
shown in representation 27

e o . Representation 2

B. The figure below shows a sound wave at one instant in time. Three points in space are labeled 1,2, and 3.
Points 1 and 2 lie in the x-y plane; point 3 lies in the x-z plane (coming out of the page in the z-direction).
All three points have the same x-coordinate, and are separated by a small distance (less than the size of
the speaker cone).

1. Compare the sound pressure at each of the Y
three points at this instant in time. Explain
how your answer makes sense by relating to
the figures above. (Hint: the pressure is / 2 s X
proportional to the density of air particles.)

\

2. Would the intensity of the sound averaged over several cycles of the wave at point 2 be:
(a) constant and non-zero, (b) constant and zero, or (c) changing with time?

Note the intensity is proportional to the pressure squared. (Hint: if you put your ear at point 2, what
would you hear?) How about at points 1 and 3?
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I11. Electromagnetic Waves

Representations of electromagnetic waves

A. Shown below are mathematical and pictorial representations of an electromagnetic plane wave
propagating through empty space. Representation 1 uses a sine wave to represent the electric field, E, at

one instant in time; representation 2 uses a vector field to represent E . The magnetic field, B, is not
shown.

E(x,y,z,t) = E sin(kx+a@r)?  B(x,y,z,t) = B, sin(kx+ @)y

. . y .

1. On the diagram, draw the wave in Representation 1

representation 1 on top of the wave in
representation 2.

m

L e X

What does representation 1 tell you about the z /
the electric field as represented by the vectors

in representation 2?7
Representation 2

my

X

B. The figure below shows an electromagnetic wave at one instant in time. Notice that in this figure the E-

field is oscillating in the x-z plane, and the B-field is oscillating in the x-y plane. Four points in space
(labeled 1,2, 3 and 4) lie in the x-z plane.

1. In which direction is this wave propagating?
Explain how you can tell from the ™8 f
expressions for the electric field and ﬂ/p
magnetic field. '/& \ % 7 ‘4 M >x
z E J

3
2 3

2. For the instant shown, rank these points according to the magnitude of the electric field. (Hint: if this
were a sound wave, what would the pressure be at the four points?)

3. Is your ranking consistent with the mathematical expression for the electric field above? If not,
resolve any inconsistencies. (For example, how, if at all, does changing the value of z affect the value

of E(x,y,2,1)?)

4. For the instant shown, rank these points according to the magnitude of the magnetic field. (Hint: if
this were a sound wave, what would the pressure be at the four points?) Check that your ranking is
consistent with the mathematical expression for the magnetic field.
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Detecting electromagnetic waves

A. Write an expression for the force exerted on a charge, ¢, by (1) an electric field, E, and (2) a magnetic
field, B.

If an electric and magnetic field were both present, would a force be exerted on the charge even if the
charge were initially not moving? Explain.

B. Imagine that the electromagnetic wave shown at

E
right is a radio wave. A long, thin conducting
wire is placed in the path of the wave. Note that ‘ /] [ ﬂ L
the E-field is oscillating in the x-y plane and M 7 —
the B-field is oscillating in the x-z plane. z /E M \
Wire

Suppose that the wire is oriented parallel to the y-axis as shown.

1. As the wave propagates past the wire, would the electric field due to the radio wave cause the
electrons in the wire to move? If so, would the electrons move in a direction along the length of the
wire? Explain.

How, if at all, would your answer change if the wire were oriented:

e parallel to the z-axis? Explain.

e parallel to the x-axis? Explain.

2. Suppose the wire is cut in half and that each half is connected to the Wire
terminals of a radio receiver. (A conducting wire or rod used this way is

an example of an antenna.)

In order to best detect the oncoming radio wave (that is, to maximize the
current through the circuit), how should the antenna be oriented relative to the
wave? Explain.

Would the intensity of the field averaged over several cycles of the wave at the antenna be:
(b) constant and non-zero, (b) constant and zero, or (c) changing with time?

Note the intensity is proportional to the field squared. (Hint: what sort of sound would you hear
coming from the radio?)
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Waves: Reflection and Interference
Course: 1" Semester Algebra/Trig Course

Learning Goals

1. Differentiate between the reflection of a 1-D transverse wave at fixed and at open boundaries
2. Describe interference of single pulse overlapping

3. Identify where peaks and valleys occur in interference patterns

Simulations Used
Waves on a String
Sound

Environment:
Group Activity during lab period

Activity

I. Observe Reflection of Pulses at Different Boundary conditions

1. Open Waves on a string.

2. Launch single transverse pulse (damping = 0 , tension = max BC = fixed)

Observe phase of reflected pulse.

Make prediction if pulse is launched in opposite direction. What will the reflected pulse look like?
Test prediction with simulation

Change BC to open and have students predict orientation of reflected pulse

Have students test prediction for pulses launched in both directions.

Have students summarize behavior of pulses reflected at different types of boundaries
Explore effect of varying pulse duration, amplitude and so on

PN R W

II. Observe Interference of two pulses

1. Open Sound Simulation

2. Choose interference by reflection tab

3. Set wall to vertical and choose single pulses

4. Launch two single pulses and pause them just before the reflected first pulse overlaps the incoming
second

5. Use the step button to advance the pulses and describe the appearance as the different parts overlaps
6. Identify when the overlap is maximum and minimum

7. Explore effects of varying amplitude and frequency

III. Observe two source interference pattern
1. Click on two source tab
2. Run it and run with it
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Connections

1. Where have students seen interference patterns before?

2. Where have students seen reflected waves before?

Extension

1. Have students predict the behavior of a pulse on a slinky launched at fixed and free BC’s

2. Students test predictions

3. Have students predict behavior of two pulses launched on slinky towards each other that are in phase

4. Students test prediction

5. Have students predict behavior of two pulses launched on slinky towards each other that are out of phase
6. Students test prediction



